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Monday, February 17, 2014 359aand RhoA/PKC-mediated adducin phosphorylation at Ser726 (Zhang et al, J
Biol Chem 278:35644-50, 2003). Adducin, together with actin and spectrin,
is a major component of the OHC’s cortical cytoskeleton. Thus, activation of
RhoA/PKC pathway could induce changes in OHC length and motility associ-
ated with structural modifications in this cytoskeletal structure. In this study, we
aimed at determining if PKC inhibitors were able to regulate RhoA/PKC-
adducin mediated effects on OHC motility. Actin-dependent changes in cell
length (slow motility) and the amplitude of electrically induced changes in
cell length (fast motility) were measured in isolated guinea pig OHC, patch
clamped in whole-cell mode and internally perfused through the patch pipette
with inhibitor of PKC while being externally stimulated with LPA. OHC
motility was monitored by high-speed video microscopy, whereas confocal mi-
croscopy was used to investigate effects of PKC inhibitor on RhoA/PKC-
Adducin signaling pathway. We found that LPA induced expression of cPKCa
and nPKCz, with cPKCa but not nPKCz phosphorylating adducin both of
Ser725 and Thr445. However, treatment with specific pharmacological inhibi-
tors of PKCa reduced adducin phosphorylation only at Ser726. Also, we deter-
mined that activation of the RhoA/PKCa-mediated signaling pathway by LPA
induced OHC shortening and a simultaneous increase in the amplitude of fast
motility. Our results support a positive role for cPKCa in OHC motility and
strongly suggest a link between cPKCa, adducin phosphorylation and the regu-
lation of OHC motility.
This work was supported by NIDCD/NIH grant R01 DC010146. Its content is
solely the responsibility of the authors and does not necessarily represent the
official view of the National Institutes of Health.
1811-Pos Board B541
FMG1-B as a Eukaryotic S-Layer
Puey Ounjai1,2, Kenneth H. Downing1.
1Life Sciences Division, Lawrence Berkeley National Lab, Berkeley, CA,
USA, 2Faculty of Science, Mahidol University, Bangkok, Thailand.
Interactions of planktonic cells with solid surfaces govern various microbiolog-
ical phenomena, for example in the early stages of biofilm formation. However,
the mechanism governing the interaction of motile eukaryotic cells with sur-
faces remains poorly understood. In unicellular algae, the flagellar surface
plays an important role in cell-surface adhesion and gliding through several
flagellar membrane proteins. Using electron microscopic imaging, we have ob-
tained direct evidence that the glycocalyx layer of Chlamydomonas reinhardtii
flagella is a eukaryotic version of a bacterial S-layer. This component of the fla-
gellum, previously characterized by conventional electron microscopy as a
‘‘fuzzy layer’’, can be seen by cryo-electron microscopy and tomography as
consisting of associated proteins that sometimes appear in a regular hexagonal
array. Immunolabelling indicates that the layer is formed by the flagellar mem-
brane glycoprotein FMG1-B, which has been implicated in surface contact and
gliding. There are clear differences between bacterial S-layers and the Chlamy-
domonas flagellar layer. For example, the latter appears to be quite fluid, while
bacterial S-layers have been visualized as regular arrays of rigidly interlocked
proteins. However, the questions of how these proteins adapt to a dynamic and
irregularly shaped surface suggest the notion of convergent evolution, and it
will be interesting to develop an understanding of the functional relation be-
tween these surface layers. These observations also provide insights on eukary-
otic cell-surface adhesion that may lead to a better understanding of biofilm
formation by algae and also offer an alternative platform for nano-
technology applications of S-layers.
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Cell migration and invasion is driven by turnover of the actin cytoskeleton, a
process initiated by cofilin activation. Active cofilin concentrations correlate
with the grade of primary brain tumors, tumor cell migration and brain inva-
sion (Nagai S, Moreno O, Smith CA, Ivanchuk S, Romagnuolo R, Golbourn
B, Weeks A, Seol HJ, and Rutka JT. 2011, Genes Cancer. Sep;2(9):859-69).
To investigate how cell migration and invasion is enhanced in high grade
brain tumors by cofilin we have developed a physical model based on the mo-
lecular mechanisms for actin turnover already known to be enhanced by co-
filin. The model is then used to fit actin distributions in eGFP-actin
transfected U251 brain tumor cells using model convolution microscopy.
The best fits of the model yield estimates for the kinetic parameters for actin
turnover in high grade brain tumor cells. These parameters are similar to iso-
lated in vitro measurements made in the presence of cofilin and suggest that
actin turnover is stimulated throughout the cell by cofilin. Further analysis of
the model is used to elucidate potential mechanisms to regulate brain tumor
cell motility.1813-Pos Board B543
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Substantial progress has been made in characterizing the mechanisms of ten-
sion sensing, adhesion, and traction in cells migrating on two-dimensional
(2D), rigid surfaces. However, there are inherent differences in cellular archi-
tecture, signaling, and behavior when cells are embedded in the soft and
confined environment of the extracellular matrix. Here we present a quantita-
tive analysis of the dynamics of canonical actomyosin cytoskeletal proteins
in primary dermal fibroblasts (HFFs) grown in a three-dimensional (3D) fibrin
matrix, and correlate these dynamics to protrusion formation and traction gen-
eration during migration through the fibrin network. We observe that fibroblasts
adopt an elongated cell morphology with adhesive protrusions that cyclically
strain the surrounding fibrin matrix. We use GFP-tagged myosin regulatory
light chain (MRLC1) and time-lapse confocal imaging to track myosin dy-
namics as cells explore the fibrin matrix. We observe highly dynamic alter-
ations in MRLC1 localization coupled to both the extension and retraction of
cellular protrusions. During protrusion extension, fibrin strain is often oriented
bidirectionally several microns behind the protrusion tip and is transmitted via
paxillin-dependent adhesions. ROCK inhibition by Y-27632 causes fibroblasts
to develop extended protrusions despite a pronounced reduction in matrix
deformation and adhesion maturation as judged by a dramatic reduction in
matrix-associated paxillin plaques. Ongoing work characterizes the contribu-
tion of cytoskeletal contractility in regulating protrusion and adhesion
dynamics.
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Coordinated cell migration is a fundamental aspect of biological processes
ranging from wound healing to embryonic development. How this coordination
occurs over length scales much longer than individual cells is poorly under-
stood.We use zebrafish epiboly as a model system to investigate the biophysical
underpinnings of coordinated cell migration. During epiboly the blastodermmi-
grates and spreads from the animal pole of the yolk to converge at the opposite,
vegetal pole. At present, very little is known about how cell migration is coor-
dinated along the length of the blastoderm margin (BM), which is ~3 mm at its
maximal circumference. We use gentle mechanical deformation to distort the
normally symmetric embryo to probe the mechanisms that generate long-
range intercellular coordination during epiboly. Geometric distortion causes
shape-dependent alterations in the rate of BM migration and realignment of
the BM and eventual anterior-posterior (AP) axis away from the initial
animal-vegetal axis and toward the new long axis of the embryo. Chemical
disruption of the actin band, a contractile ring of actin and myosin immediately
vegetal to the BM, restores uniformmigration along its length and eliminates AP
axis reorientation. A quantitative model that incorporates tension generated by
the actin band accounts for these observations, consistent with the idea that
physical forces can generate long-range, coordinated cell movements that would
be difficult to achieve by biochemical signaling alone. We hypothesize that this
mechanismmay provide a general means of coordinating long-range cell migra-
tion, for example during wound healing and Drosophila dorsal closure. Our data
additionally suggest that AP axis specification, a fundamental step in the devel-
opment of all embryos, is sensitive to mechanical cues. Taken together, these
observations support the likelihood that mechanical forces may shape morpho-
genesis throughout development.
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Adherens junctions (AJ) are mechano-sensitive protein complexes essential for
many multicellular processes such as tissue morphogenesis and homeostasis.
360a Monday, February 17, 2014Genetic studies identified the AJ cell-cell adhesion complex of E-cadherin,
beta-catenin, and the actin-binding protein alpha-catenin as a minimal ternary
complex required for interactions with the actin cytoskeleton. However, at-
tempts to reconstitute in vitro a direct linkage between the cadherin-catenin
complex and actin filaments in bulk pelleting assays have been unsuccessful.
Contemporary experiments in living cells indirectly showed that force, which
was not reconstituted in vitro, is important for normal cell-cell adhesion. As
a result, we developed a novel optical trapping assay to determine if and
how the cadherin-catenin complex binds to actin filaments under mechanical
load (see figure). We find that multiple cadherin-catenin complexes can
together form a robust, load-resistant connection to actin that can withstand
>10 pN of force for several seconds. Individual cadherin-catenin complexes
also bind actin, but the interaction is rela-
tively weak and transient. To our knowl-
edge, these are the first data showing
direct, mechanically robust binding be-
tween the cadherin-catenin complex and
actin filaments. Our results provide essen-
tial support to models proposing that the
AJ is a mechano-sensitive complex.
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Many somatosensory neurons have evolved specialized molecular sensors that
convert mechanical stress into behavioral responses. The genetics, develop-
ment and physiology of the touch receptor neurons (TRNs) in Caenorhabditis
elegans nematodes are especially well characterized and this animal has the
particular advantage that the TRNs can be studied both in living animals and
dissociated in culture. Like other somatosensory neurons, the TRNs use ion
channels to convert mechanical stress into electrical signals and, ultimately,
into appropriate behaviors. Whereas the protein partners that form these chan-
nels have been known for some time, the nature of the molecular machine
important for efficient force transmission from skin to touch receptor neurite
is essentially unknown.
Using a combination of approaches, we will show that sensation of mechanical
forces depends on a continuous, pre-strained spectrin cytoskeleton inside neu-
rons. We observed that mutations in the tetramerization domain of C. elegans
b-spectrin (UNC-70), an actin-membrane crosslinker, lead to defective neuron
morphologies under compressive stresses in moving animals. We performed
AFM force spectroscopy experiments on isolated neurons, laser axotomy and
FRET imaging to measure forces across single cells and molecules. Our data
indicate that spectrin is held under constitutive tension in living animals, which
contributes to an elevated pre-stress in TRNs. Based on these results and data
obtained from optogenetic and mechanical stimulation on b-spectrin mutants,
we suggest that b-spectrin-dependent pre-tension is required for efficient re-
sponses to external mechanical stimuli.
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Cortical contractions are observable in cell divisions in many species, from
meiotic divisions in Ascidian and starfish eggs to the early mitotic divisions
of the Xenopus embryo. There have been many hypotheses concerning the
function of these contractions, from generating pressure gradients to localizing
mRNAs. Importantly, the physical and molecular mechanisms underlying these
global contractions remain unknown, but would be essential in providing in-
sights into their functions.
As a system well-suited for live imaging and physical manipulations, we are
studying the prominent contraction that occurs at the highly asymmetric
meiotic division in starfish oocytes. In this system, the contraction occurs
immediately before the division but its importance for the division remains
controversial. Therefore, we set out to understand the molecular details and me-
chanics of the cortical contraction.
Detailed analysis of the oocytes’ shape and cytoplasmic flows revealed that the
contraction wave is a flattening of the cell cortex which progresses across the
whole oocyte towards the site of division with increasing intensity. This results
in a strong and varied cytoplasmic flow. Visualizing the localization of compo-
nents of the cytoskeleton indicates that F-actin and non-muscle myosin II are
recruited to the cortical area currently undergoing contraction.To test the involvement of myosin II in the contraction, we applied the myosin
II inhibitor blebbistatin that strongly hindered the contraction wave. Our anal-
ysis of the inhibition phenotype will reveal important details of the mechanisms
of the contraction wave and allow us to determine the contraction waves’ func-
tion. We will search for additional factors controlling the contraction wave for
which an important clue is that changing the nuclear position prior to contrac-
tion repositions the axis of contraction, suggesting the involvement of nuclear
factors.
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Cells integrate multiple measurement modalities to navigate their environment.
Soluble and substrate-bound chemical gradients and physical cues have all been
shown to influence cell orientation and migration. Here we investigate a novel
formof directional sensing, the response to hydraulic pressure, or barotaxis. Cells
confined in bifurcatingmicrochannels identified andmigrated toward the path of
least hydraulic resistance in the absence of chemical cues. The percentage of cells
which migrated toward the lower resistance channel increased with increasing
resistance ratios. In a bifurcating channel with asymmetric hydraulic resistances,
we observed that the cell elaborated two leading edges with the pseudopod along
the less resistive channel exhibiting a faster extension rate. Measurements of the
bulk fluid flow in a channel containing a migrating cell show that cells must push
the column of water in front of them, suggesting that the observed bias in exten-
sion rates is due to the different forces experienced by each leading edge. The
pressure differences resulting from asymmetrical resistances, were small, sug-
gesting weak force generation by leading edges. The bifurcating microchannel
design allowed us to investigate the effect of picoNewton scale forces on leading
edge protrusion, whereas previous studies have focused on nanoNewton scale
forces. Through the use of a photocaged analogue of the chemokine formyl-
methionyl-leucyl-pheylalanine (fMLP), we found that barotaxis was able to
override a dynamically generated chemical cue. Motile cells may use barotaxis
in concert with chemotaxis to navigate complex environments.
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Cells exert traction forces, which are necessary to perform their migration.
There is still a lack of information regarding the mechanical aspects of cell
migration and in particular the quantification of the three-dimensional traction
forces exerted during migration and invasion.
Weuse a novel traction force cytometrymethod tomeasure the three-dimensional
traction forces exerted by Dictyostelium cells chemotaxing over flat elastic sub-
strates. Our measurements of the 3-D traction forces show that there are two in-
dependent mechanisms in their generation, one that relies on the cytoskeletal
crosslinking and contractility, and another based on the cortical stiffness. In
particular, we examine the roles that specific cortical and cytoskeletal crosslink-
ing proteins and those liking the cell’s cortex and the cytoskeletal F-actin play in
the development of the spatial and temporal distribution of three-dimensional
traction forces during migration. We investigate mutants with cortical integrity
defects, such as cells lacking the protein cortexillin to study the cortical function.
We use mutants with cytoskeletal crosslinking defects, such as cells lacking the
proteinsMyosin II and Abp120 to quantify the function of the cytoskeletal cross-
linking. In addition we examine the proteins Myosin IA and B, regarding their
role liking the cell’s cortex and the cytoskeletal F-actin network.
The effects on the magnitude and distribution of the tangential and perpendic-
ular components of the traction forces to the substrate are shown to be different
depending on the specific cytoskeletal and cortical mutations. Our 3-D traction
measurements indicate that the vertical and horizontal traction forces are regu-
lated by the cortical and cytoskeletal crosslinking. These two mechanisms are
interconnected since the time evolution of the vertical and horizontal forces is
well correlated.
